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CONTROL APPARATUS FOR USE IN A 

CELLULAR SYSTEM 

This invention, relates primarily to a CDMA (Code Division 

Multiple Access) cellular system, and in particular, to a 
radio channel control apparatus which is used in a base 
station of the CDMA (Code Division Multiple Access) 
cellular system. 

Generally, a mobile communication system such as 
mobile telephone system employs a cellular system. The 
cellular system has a service area which is divided into 
a plurality of cells. A plurality of base stations are 
respectively arranged in the cells. Each of the base 
stations can communicate with mobile stations which are 
located in each of the cells at the same time in a 
multiple access fashion. 

A frequency division multiple access (FDMA) 
system and a time division multiple access (TDMA) system 
are often used in the mobile communication system so that 
the mobile communication system attain the multiple 

^ « ^ Vi 4 

u. w coo i. aoiixuii • 

Recently, attention is focused upon a code 
division multiple access (CDMA) system. This is because 
the code division multiple access (CDMA) system is 



achieved by spectrum spreading using a spread code which 
is different for each channel, and thereby has high 
efficiency in frequency utilization. 

In a CDMA cellular system, a quality of 
communications between the base station and the mobile 
stations is gradually deteriorated with an increase of a 
traffic. Accordingly, the traffic is restricted by the 
base station so that a required quality level is 
maintained in the cell. 

A conventional radio channel control apparatus is 
equipped in each of the base stations. The conventional 
radio channel apparatus detects the traffic in the cell 
and compares the traffic with a predetermined value, 
when the traffic is larger than a predetermined value, 
the conventional radio channel apparatus inhibits a new 

call origination. 

In the CDMA cellular system using conventional 
radio channel control apparatuses, there is a case that 
the call origination is inhibited under restriction of 
the traffic by one of the base stations in the cell while 
an adjacent radio station have a sufficient traffic 
handling capacity. Thus, although the overall CDMA 
cellular system has a spare capacity for the traffic, 
communication is limited. 



It is therefore a preferred aim of this invention to 
provide a radio channel control apparatus capable 

changing a size of a cell. 



It is another desired aim of this invention to provide 
a radio channel control apparatus capable of controlling 
a power of a pilot signal. 

Preferably also, this invention can 
provide a radio channel control apparatus capable of 
controlling a hand-off parameter of a mobile station. 

This invention may also 
provide a radio channel control apparatus in a CDMA 
cellular system which is capable of expanding, in 
occurrence of concentration of the traffic in a 
particular cell, a traffic handling capacity of the 
overall system by handling a part of the traffic by an 
adjacent cell. 

Other objects of this invention will become clear 
as the description proceeds. 

On describing the gist of this invention,- it is 
possible to understand that a radio channel control 
apparatus is used in a base station of a CDMA cellular 
system to control communication which is carried out 
between the base station and mobile stations in a cell by 
the use of code-division multiplexed radio channels and a 
pilot signal sent from the base station, with a 
communication quality is monitored by the base station. 

a nnf-.-vA 4 nrr + r~\ r\ acnant r-i-F thf c Iniron+'fnn t hp 

iiv,>.uj.uj.»^ -~ — "■-'t"-~ ~ UJ - ' 

radio channel control apparatus comprising a quality 
monitoring means for monitoring the communication quality 
of at least one of the code-division multiplexed radio 
channels to «roduoe a quality monitoring signal 
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representative of the communication quality, and power 
level control means for controlling a power level of the 
pilot signal in response to the quality monitoring signal 
to change the cell in size from one to another in 
dependency upon the power level of the pilot signal. 

According to another aspect of this invention, a 
radio channel control apparatus is used in a base station 
of a CDMA cellular system to control communication which 
is carried out between the base station and mobile 
stations in a radio zone by the use of code-division 
multiplexed radio channels and a control channel, with a 
communication quality monitored by the base station. The 
radio channel control apparatus comprises quality 
monitoring means for monitoring the communication quality 
of at least one of the code-division multiplexed radio 
channels to produce a quality monitoring signal 
representative of the communication quality, and 
parameter delivery means for delivering a hand-off 
parameter to the mobile stations through the control 
channel in response to the quality monitoring signal to 
practically change the cell in size from one to another 
in dependency upon the hand-off parameter. 

According to still another aspect of this 

a CDMA cellular system has base stations each 
of which has a radio channel control apparatus to control 
communication carried out between the base station and 
mobile stations in a cell by the use of code-division 
multiplexed radio channels with a communication quality 
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monitored by the base station. The radio channel control 
apparatus of each of the base stations comprises ceil 
size control signal producing means for producing a ceil 
size control signal for changing the cell in size from 
one to another, quality monitoring means for monitoring 
the communication quality of at least one of the code- 
division multiplexed radio channels to produce a quality 
monitoring signal representative of the communication 
quality, and level control means for controlling the cell 
size control signal in response to the quality monitoring 
signal to change the cell in size from one to another in 
dependency upon cell size control signal. 

Fig, 1 shows a view for use in describing cells 
of a general cellular system; 

Fig. 2 is a block diagram of a conventional radio 
channel control apparatus; 

Fig. 3 is a block diagram of a radio channel 
control apparatus according to a preferred embodiment of 
this invention; 

Fig. 4 shows a view for use in describing change 
in ceil sizes: 

Fig. 5 shows a view for use in describing change 
of destination of a connection request from a mobile 
station located between two ceils in response to change 
of transmission power of pilot signals; 

Fig. 6 shows a view for use in describing change 
of communicable ranges following the variation of 
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Fig. 7 shows a view for use in describing change 
of communicable ranges following the variation of a hand- 
off parameter T-DROP; 

Fig. 8 shows a view for use in describing change 
of communicable ranges following the variation of a hand- 
off parameter T-ADD: 

Fig. 9 shows a view for use in describing change 
of communicable ranges following the variation of the 
hand-off parameters T-DROP and T-ADD; 

Fig. 10 is a flow chart for use in describing a 
first operation of the radio channel control apparatus 
illustrated in Fig. 3; 

Fig. 11 is a flow chart for use In describing a 
second operation of the radio channel control apparatus 
illustrated in Fig. 3; 

Fig. 12 is a flow chart for use in describing the 
second operation of the radio channel control apparatus 
illustrated in Fig. 3; 

Ficr. 13 is a flow chart for use in describing a 
third operation of the radio channel control apparatus 
illustrated in Fig. 3; 

Fig. 14 is a flow chart for use in describing a 

c x t- ,4 t — _ n f + v>q y^/^l n rhannol rnntrnl aDDaratUS 

1UUIL11 UpCLaLJ.UU VJ. i.^»»*j.w — *- 

illustrated in Fig. 3; 

Fig. 15 is a flow chart for use in describing a 
fifth operation of the radio channel control apparatus 



Fig. 16 is a flow chart for use in describing a 
s ixth operation of the radio channel control apparatus 
illustrated in Fig. 3. 

Description of the Preferred Embodiments i 

Referring to Figs. 1 and 2, description will be 
at first directed to a conventional CDMA cellular system 
and a conventional radio channel control apparatus for a 
better understanding of this invention. 

In Fig. 1. the conventional CDMA cellular system 
has a plurality of base stations (shown by small square) 
100 which are arranged in a service area to divided the 
service area into a plurality of cells (shown by circle) 
110. Each of the base stations 100 transmits a pilot 
signal through a pilot channel. The pilot signal 
specifies a size of the cell 110. The pilot signal is 
transmitted at a predetermined power level so that the 
cell 110 keeps a preselected size to avoid presence of a 
gap between adjacent cells 110. For example, it is 
assumed that the base stations 100 are arranged at an 
equal interval as illustrated in Fig. 1. In this event, 
the base stations 100 transmit their pilot signals at the 
same power level so that the sizes of the cells 110 
become equal to each other. 

With reference to the reception levels of the 

~ 4 T « X ~ A WM 9 MM U4*t A + + A n^nun , l 1 r\ ri a + 13 -Irk t VtO 

^jxxu u ax^uais a uiuuxxe olq liuh \hw<- auumi; j.v^v*t* w<_v^ www 

service area selects one of the base stations 100 to 
communicate with the base station. Namely, the mobile 
station selects one of the base stations 100 which is in 
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typically, a nearer base station 100, In an overlap area 
where the cells 110 overlap each other or in a boundary 
region between the cells 110- the base station selected 
for communication is changed to another if appropriate. 

The CDMA cellular system has a characteristic 
that the quality of a communication channel is gradually 
deteriorated with an increase of the traffic. In case of 
occurrence of an excessive traffic, the quality of 
communication is degraded to a level below a required 
level. This results in various troubles during 
communication, such as difficulty in catching a speech 
sound and decrease in throughput of data communication. 

In order to solve the above-mentioned problem, 
the conventional radio channel control apparatus is 
equipped in each base station 100 in the conventional 
CDMA cellular system of the above-mentioned type. 

In Fig. 2, the base station 100 has the radio 
channel control apparatus 210 which comprises a 
communication channel control section 220, a radio 
control section 23 0, a traffic control section 240, and 
an upper-limit traffic memorizing section 250. The base 
station 100 restricts the traffic to be handled in each 

•i _ l j. j a. „ „ n vo^otarm1narl am mi nt or ieSS SO that 

IldSe fcj l_el UJLUll CO a. p jl. CUB — — — 

the communication quality is not degraded below the 
required level. 

channel control section 220 is 
connected to the radio control section 230, a superior 
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control unit (not shown) , and the traffic control section 

1 A rt mVx -.„™~,, lr -, <n 3 Hnn ^.V. « « ^ 1 e >f<t < nn TO A J e 

controlled by the traffic control section 240 to control 
a communication channel. For example; the communication 
channel control section 220 assigns a radio channel for 
communication with a mobile station within the cell of 
the base station 100. 

The radio control section 230 establishes the 
communication channel for connection with the mobile 
station through an antenna 260. 

The traffic control section 240 receives an 
allowable traffic amount from the upper-limit traffic 
memorizing section 250. The allowable traffic amount 
secures an excellent communication quality in this base 
station 100. The traffic control section 240 controls 
the communication channel control section 220 in response 
to the allowable traffic amount so that the traffic to be 
handled in the communication channel control section 220 
is suppressed to the allowable traffic amount or less* 

For example, a technique relating to the above- 
mentioned control by the traffic amount is described in 
Japanese Unexamined Patent Publication No. 220526/1S30. 

The technique utilizes the fact that reception 
power of a base station is varied in dependence upon the 

4- . -c -c rt H 4 Cnor' \ fl n a 1 1 V + J-»o ti-aff In amnnnt Viol na 

uiainu cuiiuuhui cv>xixvaj.jij f w»e '--*-*-«--'--'--' — — ~ ~ - — ■ — -j 

handled in the base station is estimated by detecting 
electric power of a radio signal received by the base 
station. In dependence upon the result of estimation. 
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control means, such as the traffic control section 240 



ana uojiunuiiiucii-iuu ^nanucx ^vuuj.ux -^»— «^ ^xuu ^.^.w, 



permission and inhibition of communication. Thus, it is 
possible to achieve the above-mentioned object of 
maintaining the communication quality at the required 
level or more by suppressing the traffic amount to be 
handled to the predetermined amount or less . 

Another technique is disclosed, for example, in 
Japanese Unexamined Patent Publication No. 145515/1993. 

In this technique, a base station distinguishes 
communication attributes {speech communication, facsimile 
communication, data communication, and so on) of a 
plurality of radio terminals (or mobile stations) . A 
memory, such as the upper limit traffic memorizing 
section 250, memorizes allowable traffic amounts for the 
respective communication attributes. With reference to 
the contents memorized in the memory, the traffic at each 
radio terminal accommodated is controlled so as to 
maintain the traffic amount not greater than the 
allowable traffic amount. Therefore, undesirable 
interruption of communication due to occurrence of 
excessive traffic is not caused to occur. As a result, 
it is possible to achieve an object of assuring higher 
reliability and enabling effective utilization of radio 
waves . 

In the conventional radio channel control 
apparatus in the CDMA cellular system described above, 
each base station can not handle the traff ic - exceeding 
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the allowable amount determined in each base station. On 
the other hand, for each mobile station, the transmission 
power level of the pilot signal defining a communicable 
area as the cell of each base station; is fixed so that 
the size of the cell of each base station is unchanged. 
As a result, a number of the mobile stations may 
concentrate in a single cell to produce a large number of 
calls. In this event, call origination is inhibited 
under restriction of the traffic by the base station in 
that cell. Despite the fact that the adjacent cell 
includes only a small number of mobile stations and the 
base station in the adjacent cell has a sufficient 
traffic handling capacity, the mobile stations inhibited 
from call origination as described above can not carry 
out communication. Thus, although the overall system has 
a spare capacity for the traffic, communication can not 
be carried out. In other words, the traffic handling 
capacity can not be effectively utilized. 

Referring to Figs. 3 and 16, description will be 
made about a radio channel control apparatus according to 
a preferred embodiment of this invention. 

A CDMA cellular system to which this invention is 
applied is a system adapted to the United States Cellular 
System Standard IS-S5-A (Telecommunication Industry 

« i - L J m-r -R /T* HT/TO rtC yi W VJT V* ^ 1 ^-i C+ laf 4 rtn Haco 

Station Compatibility Standard for Dual-Mode Wideband 
Spread Spectrum Cellular System"). 

In Fig. 3, the CDMA cellular system has a 
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plurality of base stations 300 (only one shown) which are 
connected to a base station controller (not shown) . Each 
of the base stations 300 has the radio channel control 
apparatus 310. 

The radio channel control apparatus 310 comprises 
an interface section 320, a plurality of communication 
channel transmit/receive sections 330, a control channel 
transmit/receive section 340, a pilot channel transmit 
section 350, a synchronous channel transmit section 3 60. 
a radio channel control section 370, a transmitter 
section 3 80, an antenna sharing section 390, and a 
receiver section 400. Each of the base stations 300 is 
communicable with a plurality of mobile stations (only 
one shown) 410 through an antenna 420= 

The interface section 320 translates a 
communication signal which includes a downlink and a 
uplink signals between the communication channel 
transmit/receive section 330 and the base station 
controller and translates a control signal which includes 
a downlink and a uplink control signals between the 
control channel transmit/receive section 34 0 and the base 

station controller. 

The communication channel transmit/receive 
section 330 receives the downlink communication signal 
■cm™ +v, Q h n+ arfars section 320. The downlink 
communication signal is spread by the use of a spread 
code which is specific to each channel to produce a 
spread downlink communication signal in the communication 
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channel transmit/receive section 330. The spread 
downlink communication signal is supplied to the 
transmitter section 380 from the communication channel 
transmit/receive section 330= 

On the other hand, the communication channel 
transmit/receive section 330 receives a spread uplink 
communication signal from the receiver section 400. The 
spread uplink communication signal is subjected to 
despreading by the use of the spread. code which is 
specific to each channel to retrieve an unspread uplink 
communication signal in the communication channel 
transmit/receive section 330, The unspread uplink 
communication channel signal is supplied to the interface 
section 320 as the uplink communication signal from the 
communication channel transmit/receive section 330. 

In addition, the communication channel 
transmit/receive section 3 30 periodically measures or 
monitors an uplink signal quality (the bit error rate and 
the frame error rate) which is informed to the radio 
channel control section 370 by an uplink quality signal. 
Moreover, the communication channel transmit/receive 
section 330 receives a downlink quality signal which is 
representative of a downlink signal quality and is 
periodically supplied from the mobile station 410. The 

r?i~»T.m 1 1 nl- nnal 1 + cinnal 1 e ctit-h-»1 ~i Drl to +V10 ra^ln phannol 

~~ n " J - J -"" m "i ° Ay 110 - 1 - J- ~ trtr •*■■*•< — lauiu ~" 

control section 370 together with the uplink quality 
signal . 
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The control channel transmit/receive section 34 0 
receives the downlink control signal from the interface 
section 320. The downlink control signal is spread by 
the use of a spread code which is specific to each 
channel to produce a spread downlink control signal in 
the control channel transmit/receive section 340. The 
spread downlink control channel signal is supplied to the 
transmitter section 380 from the control channel 
transmit/receive section 340. 

On the other hand, the control channel 
transmit/receive section 340 receives a spread uplink 
control signal from the receiver section 400. The spread 
downlink control signal is subjected to inverse spreading 
by the use of a spread code which is specific to each 
channel to retrieve an unspread uplink control signal in 
the control channel transmit/receive section 340. The 
unspread uplink control signal is supplied to the 
interface section 320 from the the control channel 
transmit/receive section 340 as the uplink control 
signal . 

In addition, the control channel transmit/receive 
section 340 memorizes and delivers a hand-off parameters 
T-DRQP and T-ADD on a downlink control channel towards 
the mobile station 410. It is noted here that the hand- 

off parameters T-uuuf ana ±-t\uu aic j-=»»^ j -- -~ 

to the request from the radio channel control section 
370. 
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The pilot channel transmit section 350 produces a 

„ ~ — J3 -11.1 _ i — — - 1 u k { rih -t ~. erwaart Ktt nea ~ JT _ 
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specific spread code and supplies the spread pilot signal 
to the transmitter section 380 like the spread downlink 
communication signal or the spread downlink control 
signal . 

Qn the other hand, the pilot channel transmit 
section 350 informs the transmission power level of the 
spread pilot signal to the radio channel control section 
370. The transmission power level of the spread pilot 
signal can be modified into higher and lower levels in 
response to a level control signal supplied from the 

^ -I ,-.nn+ m 1 r?ar~+ 4 r\r\ 1"7A Th q enroail nil fit 
uiiaimcx \^w»i ^_-i_w_L. .^ww^-A-ww *s # . — " -*- w XT — — w — 

signal transmitted from the pilot channel transmit 
section 350 is continuously supplied to a pilot signal 
receiver of the mobile station 410. 

The mobile station 410 compares reception levels 
of a plurality of received pilot signals from a plurality 
of base stations to select one of the base stations to 
communicate with. 

The synchronous channel transmit section 360 
produces a spread synchronous signal spread by the use of 
a specific spread code and delivers the spread 
synchronous signal to the transmitter section 380 like 

cue opjLcctu uuwiiJLXiiiv v,uiuiuu«xv,a u^vfiiuj. wj- www — — 

downlink control signal. 

The radio channel control section 370 receives 
the uplink quality signal and the downlink quality signal 
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■Ft/itti tho rnimniinl rat Ion channel transmit/receive section 
3 30 and calculates,- for each of the uplink and the 
downlink signals., the ratio of the measured values 
exceeding an average communication quality, a median, or 
a required quality to decide or set the ratio as each of 
the uplink communication quality and the downlink 
communication quality of this base station. These 
communication quality is called a specified communication 
quality . 

Furthermore, the radio channel control section 
37Q informs the communication quality of this base 
station through the interface section 3 20 and the base 
station controller to radio channel control sections 370 
of a plurality of adjacent base stations. Similarly, the 
radio channel control section 370 is informed "of the 
communication quality of each adjacent base station from 
the radio channel control section 370 of each adjacent 
base station 300 through the base station controller and 
the interface section 320. 

With reference to the specified communication 
quality, the radio channel control section 370 may 
request the control channel transmit/receive section 340 
to rewrite the hand-off parameters. 

Furthermore, with reference to the specified 
communication quality, the radio channel control section 
370 requests the pilot channel transmit section 350 to 
modify the transmission power level of the pilot signal 
to a higher or a lower level. 
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The radio channel control section 370 informs the 
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the radio channel control section 370 of each adjacent 
base station 300 through the interface section 320 and 
the base station controller. In addition, the radio 
channel control section 370 is informed of the 
transmission power level of the pilot channel signal 
specified in each adjacent base station from the radio 
channel control section 370 of each adjacent base station 
through the base station controller and the interface 
section 320. Namely, the base station translates a level 
information signal which is representative of the 
transmission power level at each base station to adjacent 
base stations which are adjacent to each base station. 
The level information signal may be called an arbitration 
signal. 

Supplied with the transmission power level of the 
pilot signal of the adjacent base station and with 
reference to a propagation loss model of the radio signal 
and the topography information, the radio channel control 
section 370 estimates the profile of the cell of the 
adjacent base station and determines the transmission 
power level of the pilot signal of this base station so 
that no gap (signal-insensitive zone) is produced between 
t v,o non>< n-e Knt Vi ctaHnnc Tn nHpr to facilitate 
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the control, estimation of the profile of the cell may be 
carried out by calculating an approximate cell radius 
alone in accordance with a propagation loss formula to 
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determine the transmission power level of the pilot 
signal . 

The transmitter section 380 receives as a digital 
signal the spread downlink communication signal and the 
spread downlink control signal produced from each of the 
communication channel transmit/receive section 330 and 
the control channel transmit/receive section 340 together 
with the spread synchronous signal and the pilot signal. 
The transmitter section 380 converts the digital signal 
into an analog signal. The analog signal is subjected to 
modulation, frequency conversion into a radio frequency 
band, filtering, and amplification to be delivered 
through the antenna sharing section 390 and the antenna 
420 to the mobile station 410. 

On the other hand, the receiver section 400 is 
supplied with the uplink signal through the antenna 420 
and the antenna sharing section 3 90 from the mobile 
station 410. The uplink signal received as an analog 
signal is subjected to filtering, amplification, 
frequency conversion, and demodulation, and then 
converted into a digital signal. Thereafter, the digital 
signal is delivered to the communication channel 
transmit/receive section 330 and the control channel 
transmit ^receive section 340. 

Next, description will be made about the CDMA 
cellular system of the united States Standard IS-95-A 
used in this invention. In this system, it is presumed 
that each base station continuously transmits the pilot 
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signal spread by each specific spread code and that the 
mobile station carries out communication by selecting one 
of a plurality of neighborhood base stations with 
reference to the reception levels of their pilot signals. 
In this invention, when the reception level of the pilot 
signal supplied from a communicating base station to the 
mobile station does not satisfy the hand-off parameter T- 
DROP, communication with the communicating base station 
is disconnected. On the other hand, when the reception 
level of the pilot signal supplied from another base 
station other than the communicating base station exceeds 
the hand-off parameter T-ADD, communication with the 
above-mentioned another base station is started. 

Thus, in the above-mentioned CDMA cellular 
system, either the transmission power level of the pilot 
signal or each hand-off parameter is modified to an upper 
or a lower level so as to vary the ceil size, thereby 
controlling the traffic of each base station. Thus, the 
communication quality is kept excellent. 

This invention is different from the prior art in 
the following respects. Specifically, the control 
channel transmit/receive section 3 40 can rewrite the hand- 
off parameters set in the mobile station. The pilot 
channel transmit section 350 is operable to increase and 
decrease a transmission power level of the pilot channel 
signal. In addition, the radio channel control section 
370 specifies the communication quality based on a 
measured quality and, with reference to the communication 
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quality thus specified, requests modification of at least 
one of the hand-off parameters to be transmitted to each 
mobile station 410 and the transmission power level of 
the pilot channel signal. Thus, as illustrated in Pig. 
4, it is possible to change the size of the cell where 
the mobile station 410 is communicable. 

In Fig. 4, thin circles illustrate cells which 
have uniform size and thick circles show cells which have 
expanded or reduced size. 

Next referring to Figs. 5 and 6 in combination, 
description will be made about the case where the 
transmission power level of the pilot signal is modified 
to an upper or a lower level to vary the ceil size 
according to a first invention. 

In Fig. 5. the mobile station (not shown) is 
located between the base stations 500 and 510. The 
mobile station is in a standby state and selects one of 
the base stations 500 and 510 for connection with. 

The mobile station (not shown) in a standby state 
measures the reception level of the pilot channel signal 
of each base station and requests connection to one of 
the base stations which corresponds to a maximum 
reception level. 

At first, it is assumed that, prior to control of 
modification in cell size, the transmission pOwer levels 
of the pilot channel signals of the base stations 500 and 
510 are equal to each other and the reception levels of 
the pilot channels of the mobile stations are represented 
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by dotted-iine ievei diagrams 520 and 530. In this 
event, the boundary line between the base stations 500 
and 510 to be selected is located at an intermediate 
point K between the base stations 500 and 510. 

When the traffic handling amount of the base 
station 500 approaches the allowable limit, the base 
station 500 detects the deterioration of the 
communication quality. Then, the base station 500 
decreases the transmission power level of the pilot 
signal so that the reception level of the pilot signal 
received at the mobile station is decreased as 
represented by a solid line 540 in Pig. 5. 

In this event, the boundary line is shifted 
towards the base station 500. This will result In 
occurrence of a gap between the cells as far as no 
control is carried out. It is assumed here that the 
adjacent base station 510 has an excellent communication 
quality exceeding a predetermined value while the base 
station 500 is in the above-mentioned condition. In this 
event, the base station 510 can increase the transmission 
power level of the pilot signal to thereby increase the 
reception level of the pilot signal received at the 
mobile station as shown by a solid line 550 in Fig. 5. 
As a consequence/ the boundary line is shifted to a cross 

point u ox tne suxiu iiiik^ aiu cuiu d-iv ow a.a <->>-> ^uj." "»» 

overlapping area. 

In other words, for the mobile station in a 
standby state, the cell size of the base station 500 is 
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reduced while the cell size of the base station 510 is 
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reduction in cell size brings about an increase in margin 
for thermal noise. Thus, the allowance of the traffic 
handling amount is increased and the occurrence of a new 
traffic for the base station 500 is decreased. 

Although the ceil size is reduced because the 
base station 500 has a large traffic to be handled and 
therefore deteriorated in communication quality, any 
other adjacent base station such as the base station 510 
may not have a communication quality exceeding the 
predetermined level. In this event, in order to avoid 
the risk of producing the gap between the cells, the 
adjacent base stations inform the transmission power 
levels of the pilot channel signals to each other. 

Next. Fig. 6 is a view for describing which one 
of the base stations 500 and 510 is communicable with the 
communicating mobile station. 

The communicating mobile station measures the 
reception level of the pilot signal of each base station. 
When the reception levels of the pilot signals of a 
plurality of base stations exceed the required level., 
simultaneous communication is possible with the plurality 
of base stations. The above-mentioned situation is 
called soft hand-off. The communication quality can be 
improved by a site diversity effect. 

It is assumed here that the transmission power 
levels the pilot signals of the two base stations 500 and 
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510 are substantially equal to each other ana that the 
reception levels of the pilot channel signals received at 
the mobile station are as depicted by dotted lines 600 
and 610, In this event, a soft hand-off area where the 
mobile station is communicable with both of the base 
stations 500 and 510 is an area between a point F and a 
point K and located substantially in the middle of the 
both base stations 500 and 510. If the traffic of the 
base station 500 approaches the allowable limit and 
deterioration of the communication quality of the base 
station 500 is detected., the transmission power levels of 
the pilot signals of the base stations 500 and 510 are 
decreased and increased, respectively. As a consequence, 
the reception levels of the pilot signals received at the 
mobile station are changed to those as depicted by solid 
lines 620 and 630. 

As a result, after the transmission power is thus 
controlled, the soft hand-off area where the mobile 
station is communicable with both of the base stations 
500 and 510 is shifted towards the base station 500. In 
other words, with respect to the communicating mobile 
station, the cell sizes of the base stations 500 and 510 
are reduced and expanded, respectively. As a result, in 
the base station 500, the allowance of the traffic 

is increased and the traffic handling 
amount accommodated in the base station 500 is reduced. 

Next referring to Fig. 7, description will be 
made about the case where the cell size is changed in 



24 



response to the variation of the hand-off parameter T- 
DROP according to a second invention. 

Fig. 7 is a view for describing the position 
where the communication with the base station 500 is 
disconnected when the mobile station 700 in soft hand-off 
between the base stations 500 and 510 is away from the 
communicating base station 500, The mobile station 700 
during travelling receives the pilot signals of the base 
stations 500 and 510= At the point H where the reception 
level of the pilot signal of the base station 500 in soft 
hand-off does no longer satisfy the hand-off parameter T- 
DROP , the mobile station 700 requests the base station 
5 00 to disconnect the communication. 

On the ether hand, the mobile station 700 
measures the communication quality for the downlink 
signal from the communicating base station 500 and 
informs the communication quality to the communicating 
base station 500. When the base station 500 recognizes 
the deterioration in communication quality,- the base 
station 500 increases the hand-off parameter T-DROP. As 
a result of the above-mentioned control, the position 
where the mobile station away from the base station 500 
is shifted to the point G nearer to the base station 500. 

This means that the number of the mobile stations 

communicating wit-n me case station -~ 

Therefore, a margin is produced in the transmission power 
for the downlink channels of the base station. 500. The 
margin is distributed to the downlink communication 
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channels being used so as to improve the communication 
quality of the downlink channels. In this case, the soft 
hand-off area is reduced so that the interference power 
to the uplink channel is increased. Correspondingly, the 
communication quality of the uplink channel is 
deteriorated. 

Next referring to Fig. 8, description will be 
made about the case where the cell size is changed in 
response to the variation of the hand-off parameter T-ADD 
according to a third invention. 

Fig. 8 is a view for describing the position 
where communication with the base station 500 is 
connected when the mobile station 700 between the base 
stations 500 and 510 and communicating with the base 
station 520 alone approaches the base station 500. The 
communicating mobile station 7 00 measures the reception 
level of the pilot channel signal of each base station. 
When the reception level of the pilot channel signal of 
another base station other than the communicating base 
station exceeds the hand-off parameter T-ADD, the mobile 
station 700 requests connection of communication with the 
above-mentioned another base station exhibiting an 
exceeding level. 

If the communication quality of the downlink 
channel of the base station 500 is deteriorated, the base 
station 510 increases the hand-off parameter T-ADD. 
Accordingly, after the above-mentioned control, the 
position where the mobile station 700 approaching the 
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base station 500 is connected with the bass station 500 
is shifted from the point K before the control to the 
point G nearer to the base station 500, 

This means that the number of the mobile stations 
communicating with the base station 500 is decreased. 
Therefore, a margin is produced in the transmission power 
for the downlink channels of the base station 500. The 
margin is distributed to the downlink communication 
channels being used so as to improve the communication 
quality of the downlink channels. In this case, the soft 
hand-off area is reduced so that the interference power 
to the uplink channel is increased. Correspondingly, the 
communication quality of the uplink channel is 
deteriorated. 

Next referring to Fig. 9, description will be 
made about the case where the cell size is changed in 
response to the variation of the hand-off parameters T- 
DROP and T-ADD according to fourth and fifth inventions. 

Fig= 9 is a view for describing how the base 
station to communicate with the mobile station is altered 
in dependence upon the position of the mobile station 
(not shown) between the base stations 500 and 510= For 
simplicity of description, the hand-off parameters T-DROP 
and T-ADD have the same level. 

mhe communicate i" mnhi le station measures the 
reception level of the pilot channel signal of each base 
station. When the reception level of the pilot channel 
signal of another base station other than the 



communieatincr base station exceeds the hand-off 
T-ADD, the mobile station requests connection with the 
base station exhibiting an exceeding level. If the 
reception level of the pilot channel signal of the base 
station in soft hand-off does no longer satisfy the hand- 
off parameter T-DROP, the base station in consideration 
is requested to disconnect communication. 

If the communication quality of the uplink 
channel of the base station 500 is deteriorated, the hand- 
off parameters T-DROP and T-ADD of the base stations 500 
and 510 are decreased. After the above-mentioned 
control, the soft hand-off area allowing communication 
with both the bass stations 500 and 510 is changed from a 
range between the points F and G to a wider range between 
the points E and H nearer to the base stations 500 and 
510, respectively. 

This means that the ratio of the mobile stations 
reducing the transmission power levels is increased by 
the site diversity effect of the soft hand-off. 
Therefore, the communication quality of the uplink 
channel is improved. In this event, the soft hand-off 
area is expanded so that the interference power to the 
downlink channel is increased. Correspondingly, the 
communication quality of the downlink channel is 
deteriorated . 

Next referring to Fig. 10 together with Fig. 3, 
description will be made about fundamental operation 
steps of the radio channel control apparatus 310 
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according to this invention. 
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310, the radio channel control section 370 measures a 
predetermined point periodically, for example, at every 
second and carries out calculation upon a measured result 
to specify a communication quality T (step si), when the 
communication quality T does not reach a predetermined 
lower-limit threshold value Tl and has a lower value (YES 
in step S2), the ceil size is reduced by a predetermined 
value (step S3) . The threshold value Tl is preliminarily 
selected, specifically, to 1% as the communication 
quality in terms of the bit error rate, 3% as the 
.i „„«. .i „„ «,, a H + « in to-rms n-P the frame error rate. 
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and 5% as the communication quality in terms of the 
deterioration rate. 

If "no" in step S2 and the communication quality 
T exceeds the threshold value Tl and further exceeds a 
predetermined upper threshold value Th (YES in step S4) . 
the radio channel control apparatus 310 expands the cell 
size by a predetermined value (step S5) . If "NO" in the 
previous step S4 and the communication quality T is 
between the threshold values Th and Tl, no action is 
carried out. It is noted here that the threshold value 
Th is preliminarily determined, specifically, 0.1* as the 

. . i i j. i — * ar-r"~ ^-p t v.q V-«l + orrnr rate . 
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0.3% as the communication quality in terms of the frame 

error rate, and 0.5% as the communication quality in 

terms of the deterioration rate. 
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Now, description will be made about the means and 
the steps in the first through the fifth inventions in 
conjunction with the operation of changing the cell size 
described in conjunction with Fig. 10. 

At first referring to Fig. 11 in combination with 
Fig. 3, description will be made about the steps relating 
to the first invention for changing the cell size by 
varying the transmission power level of the pilot signal. 

In the invention.- in the radio channel control 
apparatus 310. the radio channel control section 370 
periodically measures the communication quality of at 
least one of the downlink and the uplink channels of this 
base station and specifies the conuiiunication quality T 
(step Sll). When the communication quality T does not 
reach the threshold value Tl and has a lower value (YES 
in step S12), the pilot channel transmit section 350 is 
requested to decrease the transmission power level of the 
pilot signal by a predetermined level Al (dB) (for 
example, IdB) (step S13) . Thus, the cell size of the 
this station is reduced by the predetermined value. 

If "NO" in the step S12 and the communication 
quality T exceeds the threshold value Tl and further 
exceeds the threshold value Th (YES in step S14) , the 
radio channel control section 370 requests the pilot 
channel transmit section 350 to increase the transmission 
power level of the pilot signal by a predetermined level 
Ah (dB) (for example, IdB) (step S15) . Thus, the cell 
size of this station is expanded by the predetermined 
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value. On the other hand, if "NO" in the step Si4 and 
the communication quality T is between the threshold 
values Th and Tl, no action is taken. 

It is noted here that the transmission power 
level of the pilot signal has lower and upper limit 
levels preliminarily selected and never takes a level out 
of such range. 

Next referring to Fig. 12 in combination with 
Fig. 3, description will be made about the steps of 
examining the cell size of the adjacent base station and 
determining the cell size of this base station. 

At first, the radio channel control section 370 
of the radio channel control apparatus 310 sets "i = 1" 
as a parameter i (between 1 and N) identifying the 
adjacent base stations, N in number, and "pmax = 0" as a 
maximum transmission power level Pmax of the pilot 
channel signal of this base station (step S21). 

Next, the radio channel control section 370 
acquires the transmission power level Pi(=)l of the pilot 
channel of the i! - l)-th adjacent base station (step 
S22) . With reference to the transmission power level PI 
of the pilot signal, estimation is carried out of the 
cell Si(=)l of the above-mentioned adjacent base station 

U *9 ^-1. ( »_J -Jl. *-t • — ~~ — - — * J- 
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cell SI of the adjacent base station, the radio channel 
control section 370 determines the transmission power 
level Pown of the pilot signal of this base station so 
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that no gap is produced between the ceils of the both 
base stations (step S24). The determined level is 
compared with the previously selected maximum 
transmission power level Pmax (= 0) of the pilot signal 
of this base station (step S25) . 

If "YES" in the step S25 and "Pown > Pmax (= 0)", 
the radio channel control section 370 sets "Pown" as the 
maximum transmission power level Pmax of the pilot signal 
of this base station (step S26) and compares the 
parameter i (= i) of the adjacent base station with the 
total number N of the stations (step S27) . On the other 
hand, if "NO" in the step S25 and "Pown > Pmax" is not 
satisfied, the operation skips the step S25 and proceeds 
to the step S27. 

If "YES" in the step S27 and "i - 1 < N", the 
radio channel control section 37 0 changes the parameter 
i ( = I) into another parameter i + i (=2) (step S28) . 
The operation returns to the step S22. The operation is 
repeated until "i = N" is reached to respond "NO" in the 
step S27. 

Next referring to Fig. 13 in combination with 
Fig. 3. description will be made about the steps relating 
to the second invention for changing the ceil size by 
increasing or decreasing the hand-off parameter T-DROP 
following the variation in communication quality of the 
downlink channel of this base station. 

In this invention, in the radio channel control 
apparatus 310, the radio channel control section 370 
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periodically measures the coiranuni cation quality of the 
downlink channel of this base station and specifies the 
communication quality T (step S31) . If the communication 
quality T does not reach the threshold value Tl and has a 
lower value (YES in step S32), the control channel 
transmit/receive section 340 is requested to increase the 
hand-off parameter T-DROP by a predetermined level Yl 
(dB) (for example, IdE) , Thus,- for the mobile station, 
the cell size of this station is reduced by the 
predetermined value. 

On the other hand, if "NO" in the step S3 2 and 
the communication quality T exceeds the threshold value 
Ti and further exceeds the threshold value Th (YES in 
step S34), the radio channel control section 16 requests 
the control channel transmit/receive section 13 to 
decrease the hand-off parameter T-DROP by a predetermined 
level Yh (dB) (for example, IdB) (step S35) . Thus, for 
the mobile station, the cell size of this station is 
expanded by the predetermined value. If "NO" in the 
previous step S3 4 and the communication quality T is 
between the threshold values Th and Tl, no action is 
taken . 

It is noted here that the hand-off parameter T- 
nnnn k-,^ i nufl r anfl nnoer limit levels preliminarily 

determined. Out ot tne aDove-mtiiiuj.ui.cu range, 

off parameter T-DROP will be neglected by the control 
channel transmit/receive section 340 and inhibited from 
delivery to the mobile station. 



33 



Novt roforrl nrr t r> Pier. 14 in combination with 
— — — — — j — — j - — — •• 

Fig, 3, description will be made about the steps relating 
to the third invention for changing the ceil size of this 
base station by increasing or decreasing the hand-off 
parameter T-ADD following the variation in communication 
quality of the downlink channel of the adjacent base 
station. 

In this invention, in the radio channel control 
apparatus 310, the radio channel control section 370 
periodically measures the communication quality of the 
downlink channel of the adjacent base station and 
specifies the communication quality T (step S4i) . If the 
communication quality T does not reach the threshold 
value Ti and has a lower value (YES in step S42) , the 
control channel transmit/receive section 340 is requested 
to increase the hand-off parameter T-ADD by a 
predetermined level Bl (dB) (for example, Ids) (step 
S43) , Thus, for the mobile station, the ceil size of the 
adjacent station is reduced by the predetermined value. 

If "NO" in the step S42 and the communication 
quality T exceeds the threshold value Tl and further 
exceeds the threshold value Th (YES in step S44), the 
radio channel control section 370 requests the control 
channel transmit 'receive section 340 to decrease the hand- 
off parameter T-ADD by a predetermined level Bh (dB) (for 
example, IdB) (step S45) . Thus, for the mobile station, 
the cell size of the adjacent station is expanded by the 
predetermined value. If "NO" in the previous step S44 
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and the communication quality T is between the threshold 
values Th and Tl, no action is taken. 

It is noted here that the hand-off parameter T- 
ADD has lower and upper limit levels preliminarily 
determined. Out of the above-mentioned range, the hand- 
off parameter T-ADD will be neglected by the control 
channel transmit/receive section 34 0 and inhibited from 
delivery to the mobile station. 

Next referring to Fig. 15 in combination with 
Fig. 3, description will be made about the steps relating 
to the fourth invention for changing the cell size by 
increasing or decreasing the hand-off parameters T-DROP 
and T-ADD following the variation of the uplink channel 
of this base station. 

In this invention.- in the radio channel control 
apparatus 310, the radio channel control section 370 
periodically measures the communication quality of the 
uplink channel of this base station and specifies the 
communication quality T (step S51) . If the communication 
quality T does not reach the threshold value Ti and has a 
lower value (YES in step S52), the control channel 
transmit/receive section 340 is requested to decrease the 
hand-off parameters T-DROP and T-ADD by a predetermined 
level Zl (dB) (for example, IdB) (step S53) . Thus, for 
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reduced by the predetermined value. 

On the other hand, if "NO" in the step S52 and 

the communication quality T exceeds the threshold value 
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Tl and further exceeds the threshold value Th (yes in 
step S54), the radio channel control section 370 requests 
the control channel transmit/receive section 340 to 
increase the hand-off parameters "-DROP and T-ADD by a 
predetermined level Zh (dB) (for example, IdB) (step 
S55) . Thus, for the mobile station, the cell size of 
this station is expanded by the predetermined value. If " 
no" in the previous step S54 and the communication 
quality T is between the threshold values Th and Tl, no 
action is taken. 

Like the foregoing description, the hand-off 
parameters T-DROF and T-ADD have lower and upper limit 
levels preliminarily determined. Out of the above- 
mentioned ranges, the hand-off parameters will be 
neglected by the control channel transmit/receive section 
340 and inhibited from delivery to the mobile station. 

Next referring to Fig. 16 in combination with 
Fig. 3, description will be made about the steps relating 
to the fifth invention for changing the cell size of this 
base station by increasing or decreasing the hand-off 
parameters T-DRQP and T-ADD following the variation in 
communication quality of the uplink channel of the 
adjacent base station. 

In this invention, in the radio channel control 
apparatus 310, the radio channel control section 370 
periodically measures the communication quality of the 
uplink channel of the adjacent base station and specifies 
the communication quality T (step S61) . If the 
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value Tl and has a lower value (YES in step S62 j . the 
control channel transmit/receive section 340 is requested 
to decrease the hand-off parameters T-DROP and T-ADD by a 
predetermined level CI (dB) (for example, idB) (step 
S63), Thus,- for the mobile station, the cell size of 
this station is expanded by the predetermined value. 

If "NO" in the step S62 and the communication 
quality T exceeds the threshold value Tl and further 
exceeds the threshold value Th (YES in step S64), the 
radio channel control section 370 requests the control 
channel transmit/receive section 340 to increase the hand- 
off parameters T-DROP and t-ADD by a predetermined level 
Ch (dB) (for example, IdB) (step S65) . Thus, for the 
mobile station, the cell size of this station is reduced 
by the predetermined value. If "NO" in the previous step 
S64 and the communication quality T is between the 
threshold values Th and Tl, no action is taken. 

Like the foregoing description, the hand-off 
parameters T-DR0P and T-ADD have lower and upper limit 
levels preliminarily determined. Out of the above- 
mentioned ranges, the hand-off parameters will be 
neglected by the control channel transmit/receive section 
-> / o j i-kfKHofl fmm rioHvprv to the mobile station. 
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The hand-off parameter T-ADD has lower and upper 
limit levels preliminarily determined. Out of the above- 

the hand-off parameter T-ADD will be 
^^rrio^tefl hv the control channel transmit/receive section 
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13 and inhibited from delivery to the mobile station. 
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control apparatus is equipped in the base station. 
Alternatively, it may be included in a superior control 
unit. 

In the foregoing description, the communication 
quality is periodically measured at every second. 
However, the timing of measurement is not restricted to 
the foregoing description but can be freely selected. 
Likewise, description has been given with reference to 
the illustration of the functional blocks and the 
operation steps. However, redistribution of the 
functions.- such as separation and combination,- and 
replacement of the order of the steps can be freely made. 

Thus, any modification is allowable as far as the above- 
mentioned functions are satisfied and the foregoing 
description does not restrict this invention at all. 

As described above, according to this invention, 
there is provided the radio channel control apparatus 
wherein the base station decreases the transmission power 
level of the pilot signal in response to deterioration of 
the communication quality of each of the uplink and the 
downlink channels in each of this base station and the 
adjacent base station. With this structure, the base 

c + a+ I nn ro^nnoe + Vi *a nal 1 c4>7£3 nnnn ^ nnroa CO i n + 7"^ "F "i 
" ~— j-^^^^v-^ Oi« ~£-~" caoc: 

and resultant deterioration of the transmission quality . 
Thus, the traffic margin against thermal noise is 
increased so that the traffic accommodation capacity is 
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increased. 

There is also provided the radio channel control 
apparatus wherein the adjacent base stations . inform the 
transmission power levels of the pilot signals to each 
other so that the cell sizes are estimated to thereby 
adjust the transmission power level of the pilot channel 
of each base station. With this structure, if the 
traffic is increased and the communication quality is 
deteriorated in the base station, the cell size of the 
adjacent base station can be expanded. Accordingly, the 
traffic contained in the cell of the base station with 
the increased traffic can be distributed to the adjacent 
base station. 

There is also provided the radio channel control 
apparatus wherein the transmission power level of the 
pilot channel signal is increased following an increase 
in communication quality. With this structure, the base 
station expands the cell size upon reduction of the 
traffic and resultant increase in communication quality. 
Thus, the traffic contained in the cell of the base 
station with the increased traffic can be distributed to 
the adjacent base station. 

There is also provided the radio channel control 
apparatus wherein the hand-off parameters T-DROP and T- 
ADD are Increased for the communicating mobile station 
when the downlink channel is deteriorated. With this 
structure, the number of the communicating mobile 
stations is reduced to produce the margin in the downlink 
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transmission power. The margin is distributed to the 
downlink communication channels being used. Thus, the 
communication quality of the downlink channel is improved 
to keep the balance in communication quality between the 
uplink and 

There is also provided the radio channel control 
apparatus wherein the hand-off parameters T-DROP and T- 
ADD are decreased for the communicating mobile station 
when the uplink channel is deteriorated. With this 
structure, the soft hand-off area is expanded. By the 
diversity effect, the ratio of the mobile stations with 
the decreased transmission power level is increased. 
Thus, the communication quality of the uplink channel is 
improved to keep the balance in communication quality 
between the uplink and the downlink channels. 

As a result, by increasing or decreasing the 
transmission power level of the pilot channel or by 
increasing or decreasing the hand-off parameters, the 
ceil size is changed so that the traffic in each base 
station is controlled. In this manner, the communication 
quality is kept excellent. 

Although particularly advantageous in a CDMA system in which cell 
size Is controlled by the power ievei of a piiot signal, the invention may be 

»nnl!n>4 m+Uap mii-famo !n ti/hinh it ie Hoeirahlo tn rnntml rati cive 
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The aDDended abstract is incorporated herein by reference. Each 
feature mentioned above may be Incorporated independently of the other 
features with which it is associated, unless otherwise stated. 
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CLAIMS: 

1 . Controi apparatus for controiiing a ceiiuiar communication 
system in which communication is arranged to occur between a base station 
and mobile stations in a cell associated with the base station, the apparatus 
comprising: 

quality monitoring means for monitoring the quality of communication 
via at least one channel used by said system; and 

eel! adjustment means for adjusting the effective size of the ceil 
associated with the base station based on said monitored quality of 
communication. 

2. Controi apparatus according to Claim 1 in which the system is 
a CDMA system, the or each channei being a code-division multiplexed 
radio channel. 

3= Controi apparaius according to Claim 1 or Claim 2 in which the 
eel! adjustment means comprises power level controi means arranged to 
alter the power levei of a pilot signal transmitted by the base station to alter 
the effective size of the ceii. 
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4. A radio channel control apparatus for use in 
a base station of a CDMA cellular system to control 
communication which is carried out between said base 
station and mobile stations in a cell by the use of code- 
division multiplexed radio channels and a pilot signal 
sent from said base station, with a communication quality 
monitored by said base station, said' radio channel 
control apparatus comprising: 

quality monitoring means for monitoring the 
communication quality of at least one of said code- 
division multiplexed radio channels to produce a quality 
monitoring signal representative of said communication 
quality; and 

power level control means for controlling a power 
level of said pilot signal in response to said. quality 
monitoring signal to change the cell in size from one to 
another in dependency upon the power level of the pilot 
signal . 

5 > A radio channel control apparatus as claimed 
in claim 3' or claim 4, wherein said power level control means 
decrease said power level to a first predetermined power 
level when said quality monitoring signal represents that 
said communication quality is inferior to a first 
predetermined quality. 

6. A radio channel control apparatus as claimed 

in claim * wherein said power level control means 

* - . 
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increase said power level to a second predetermined power 
level when said quality monitoring signal represents that 
said communication quality is superior to a second 
predetermined quality. ' 

Y A radio channel control apparatus for use in 
a base station of a CDMA cellular system to control 
communication which is carried out between said base 
station and mobile stations in a cell by the use of code- 
division multiplexed radio channels and a pilot signal 
sent from said base station, with a communication quality 
monitored by said base station, said base station being 
connected to a superior control unit for producing an 
arbitration signal which adjusts the cell, said radio 
channel control apparatus comprising; 

quality monitoring means for monitoring the 
communication quality of at least one of said code- 
division multiplexed radio channels to produce a quality 
monitoring signal representative of said communication 
quality; 

transmitting means for transmitting said quality 
monitoring signal to said superior control unit; 

receiving means for receiving said arbitration 
signal produced by said superior control unit in response 

i i x \ * ri-ri ner clnnal from said base 
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stations; and 

power level control means for controlling a power 

-. -i .not cinnai in rpfinonse to said quality 
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the ceil in size from one to another in dependency upon 
the power level of the pilot signal. 

S. A radio channel control apparatus for use in 
a base station of a CDMA cellular system to control 
communication which is carried out between said base 
station and mobile stations in a radio zone by the use of 
code-division multiplexed radio channels and a control 
channel, with a communication quality monitored by said 
base station, said radio channel control apparatus 
comprising: 

quality monitoring means for monitoring the 
communication quality of at least one of said code- 
division multiplexed radio channels to produce a quality 
monitoring signal representative of said communication 
quality; and 

parameter delivery means for delivering a hand- 
off parameter to said mobile stations through said 
control channel in response to said quality monitoring 
signal to practically change the cell in size from one to 
another in dependency upon the hand-off parameter. 

9- A radio channel control apparatus as claimed 
in claim 8., said hand-off parameter including a first 
hand-off parameter unit which is produced by monitoring 
downward ones of the code-division multiplexed radio 
channels given from said base station, wherein said hand- 
off parameter delivery means delivers said first hand-off 
parameter unit as said hand-off parameter to said mobile 
station. 



uu 

10. a radio channel control apparatus as claimed 
i _ _ i _ j _ q -i m/i-nf f naramstpr Inrludino first and 
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second hand-off parameter units which are produced by 
monitoring upward ones of the code-division multiplexed 
radio channels given from said base station, wherein said 
hand-off parameter delivery means delivers said first and 
second hand-off parameter units as said hand-off 
parameter to said mobile station. 

11. A radio channel control apparatus for use in 
a base station of a CDMA cellular system to control 
communication which is carried out between said base 
station and mobile stations in a radio zone by the use of 
code-division multiplexed radio channels and a control 
channel, with a communication quality monitored by said 
base station, said base station being connected to a 
superior control unit, said radio channel control 
apparatus comprising: 

quality monitoring means for monitoring the 
communication quality of at least one of said code- 
division multiplexed radio channels to produce a quality 
monitoring signal representative of said communication 
quality; 

transmitting means for transmitting said quality 
moni+orina siqna] to said superior control unit; 

rr 4 ,.4 nrr a rln 1+ rat Inn 

receiving means ioi icteivxuy 

signal produced by said superior control unit in response 
to ones of said quality monitoring signal form, said base 
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parameter delivery means for delivering a hand- 
off parameter to said mobile stations through said 
control channel in response to said quality monitoring 
signal and said arbitration signal to practically change 
the ceil in size from one to another in dependency upon 
the hand-off parameter. 

12. A CDMA cellular system having base stations 
each of which has a radio channel control apparatus to 
control communication carried out between the base 
station and mobile stations in a cell by the use of code- 
division multiplexed radio channels with a communication 
quality monitored by the base station . said radio channel 
control apparatus of each of said base stations 
comprising: 

cell size control signal producing means for 
producing a cell size control signal for changing the 
cell in size from one to another; 

quality monitoring means for monitoring the 
communication quality of at least one of said code- 
division multiplexed radio channels to produce a quality 
monitoring signal representative of said communication 
quality; and 

level control means for controlling said cell 
size control signal in response to said quality 

J .1 I J ~. 1 X » _ V « ^-r -tl.** nrtT 1 -t ** r 4 itq ~F yr\m /-I n £S + 
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another in dependency upon cell size control signal. 

13. A CDMA cellular system as claimed in claim 
12, wherein said cell size control signal is a pilot 
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signal for selecting one from said base stations in each 
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14. A CDMA cellular system as claimed in claim 
12. wherein said cell size control signal is a hand-off 

parameter for selecting one from said base stations in 
each of said mobile stations. 

15. A CDMA cellular system as claimed in claim 
14, wherein said hand-off parameter includes a first 

parameter for dropping said communication in each of said 
mobile stations and second parameter for changing a 
destination of said communication in each of said mobile 
stations. 

16. A CDMA cellular system as claimed in claim 
said CDMA cellular system having a superior control 

I 4 | 

unit, said level control means for controlling said cell 
size control signal in response to said quality 
monitoring signal and an arbitration signal from said 
superior control unit, said radio channel control 
apparatus of each of said base stations futher comprises: 

transmitting means for transmitting said quality 
monitoring signal to said superior control unit; 

receiving means for receiving said arbitration 
signal produce by said superior control unit in response 
to <™°<= of said nualitv monitoring signal from said base 
stations . 

17 A method of controlling radio communication 
which is carried out between a base station and mobile 
stations bv the use of code-division multiplexed radio 
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channels in a cell of a CDMA cellular system, with a 
communication quality monitored by the base station, said 
method comprising the steps of: 

producing a ceil size control signal for changing 
the cell in size from one to another; 

monitoring the communication quality of at least 
one of said code-division multiplexed radio channels to 
produce a quality monitoring signal representative of 
said communication quality; and 

controlling said cell size control signal in 
response to said quality monitoring signal to change the 
call in size from one to another in dependency upon cell 
size control signal. 

18. A method of controlling a cellular communication system in 
which communication is arranged to occur between a base station and 
mobile stations In a eel! associated with the base station, the method 
comprising: 

monitoring the quality of communication via at least one channel used 
by the system; and 

based on the results of said monitoring, adjusting the effective size of 
the cell associated with the base station. 

19. .Apparatus substantially as herein described, with reference to 
Figs 3 to 16 of the accompanying drawings. 

20. A method substantially as herein described, with reference to 
Figs. 3 to 16 of the accompanying drawings. 
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